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VARIATION IN THE MELANIN CONTENT OF THE SKIN OF NEW
GUINEA NATIVES AT DIFFERENT AGES*
R. J. WALSH, M.B.
rrhe first quantitative measurements of skin
pigmentation in man were made with the Hardy
Recording Spectrophotometer by Edwards and
Duntley (1) and depended on the light reflectance
of the skin over the visible spectrum. Weiner (2)
described the use of a portable EEL Reflectance
Spectrophotometer and this instrument was also
used by Barnicot (3) and by Harrison (4). A
similar instrument was used by Lasker (5). In
another paper a modified EEL reflectorneter was
described for quantitative measurements of skin
pigmentation and the results of a comparative
survey among some Asian and Pacific peoples
were reported (Walsh 6).
MATERIAL AND METHODS
Briefly, the instrument consists of a light
source incident on the skin at 900 and an annular
photovoltaic cell which measures the light re-
flected at a mean angle of about 45°. The resultant
photocurrent is measured on a inicroammeter. A
red filter glass (Chance OR1) 1.5 mm thick, in the
path of the incident light, gives a maxinmm
intensity of light at a wavelength of 650 mz and
limits the bandwidth at half maximum intensity
to about 40 mjz. Reflectance measurements of this
light are not affected by blood pigments in the
skin (oxy- and reduced hemoglobins) which
absorb light strongly in the 400 to 500 mjz range,
or by the carotene type of pigments which absorb
in the same range. The results, therefore, depend
principally on the amount of melanin present and
to a lesser extent on the thickness and degree of
keratination of the overlying skin.
The intensity of the light source is varied with
a rheostat so that the reflectance value from a
white opal glass plate is 85.5 and from a grey
plate 56. Initial standardization of the instrument
by the National Standards Laboratory of the
Commonwealth Scientific and Industrial Research
Organisation showed that these values were
relative to the reflectance from a magnesium
oxide surface (100 per cent). The instrument can
be operated from a 6-volt accumulator-type
battery or with a transformer and voltage stabi-
lizer from a 240-volt main supply.
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In the work to be reported in this paper, the
instrument was used to measure the development
of melanin pigmentation in the skin at different
ages. The subjects were New Guinea indigenes
who have large amounts of melanin in the skin in
adult life but who are born with relatively little
pigment in most areas of the body.
Ten infants between 1 and 9 days of age were
measured in the nursery of the Koki Maternity
Hospital, Port Moresby. The skin was not cleaned
prior to measurement because the babies were
being nursed by European standards.
The remaining subjects were examined in the
communal grounds of their clans near Mount
Hagen, the administrative center of the Western
Highlands. The only clothing worn consists of a
string round the waist from which are suspended,
back and front, bark strands or bunches of string
twisted from dried bark. The ages of infants and
younger children were estimated from develop-
ment landmarks and signs of prepubertal or
pubertal development. The ages of older children
and of adults were assessed from the physical
appearance and from the birth order in families.
There is, therefore, a probable large error in the
estimates of age.
Except in the newborn, light reflectance was
measured on the forehead midway between the
hair-line and the base of the nose, on the medial
aspect of the forearm midway between the elbow
and the wrist, and in the mid-axillary line of the
chest wall just below the hair. These areas were
always cleaned with cotton swabs and methylated
spirits, excess spirit being removed with dry
swabs. It was often necessary to use several swabs
because many of the subjects had smeared them-
selves with pig fat during rituals.
RESULTS
Newborn Infants
Measurements were made on the forehead,
forearm and anterior chest wall of all 10 infants,
and in the sacral area of seven, with the results
shown in rf ble 1. The mean values for the fore-
arm and chest wall were almost identical and
these areas had considerably less pigment than
the forehead. All three areas were considerably
lighter than the corresponding areas of adults
(vide infra). The sacral region was darker than
the three areas mentioned and the scrota of two
infants (Nos. 6 and 8) gave values of S and 7
respectively.
* From the New South Wales Red Cross Blood
Transfusion Service and the Department of
Human Genetics, University of New South Wales,
Sydney, Australia.
Received for publication May 3, 1963.
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TABLE 1
Reflectance values of skin of newly-born
inf ants at Port Moresby, New Guinea
Standard
Deviation. .. 5.5 5.3 3.3 6.7
Mount Hagen Natives
The reflectance values obtained on 282 males
and 296 females were analyzed according to the
estimated ages. The results are shown in Tables
2 and 3 and the mean values are plotted against
age in Figs. 1 and 2. It should be noted that there
are no values for females in the 51 + years group.
In both sexes the foreheads show the greatest
degree of pigmentation and in the younger age
groups the forearm shows the least. A more de-
tailed analysis of the different skin areas gave the
following results:
Forehead: The mean values of males after 40
years of age are significantly less than the mean
values of subjects less than 30 years of age. This
increasing pigmentation of the forehead with
increasing age was not found in females. There
are no significant differences between the re-
flectance values of males and of females in the
same age groups.
Forearm: In both sexes there is increasing
pigmentation of the forearm with increasing age
and the trend is more marked in males than in
females. As a result, the differences between the
mean values of males and of females in the same
age groups are significant except for the 0 to 5
years groups.
Axilla: There is no definite trend with in-
TABLE 2
Reflectance values of skin of male subjects at
Mount Hagen, New Guinea
Age
Group
years
0—5
No
56
Forehead
Mean S.D.
25.8 3.4
Forearm
Mean S.D.
32.0 3.8
Axilla
Mean S.D.
28.3 4.4
6—10 58 25.2 3.8 28.7 3.8 27.5 3.7
11—20 52 25.0 3.7 28.2 3.6 26.6 4.0
21—30 37 26.5 4.2 27.9 4.3 28.6 4.9
31—40
41—50
25
38
24.1 4.0 25.8 3.0 29.7 3.8
22.9 4.7 25.9 4.0 27.6 3.8
51— 16 20.6 3.0 22.3 2.8 25.3 4.2
TABLE 3
Reflectance values of skin of female subjects at
Mount Hagen, New Guinea
Age
Group
years
0—5
6—10
No
51
Forehead Forearm Axilla
Mean
26.4
S.D.
3.4
Mean
32.9
S.D.
3.0
Mean
28,7
S.D.
4.3
49 25.1 4.2 31.1 3.9 28.6 4.9
11—20
21—30
44
49
26.1 4.3
25.9 4.3
31.5
31.2
3.9
3.2
29.4
28.9
4.6
4.4
31—40 68 25.0 3.8 29.6 3.3 28.4 4.7
41—50 35 24.9 3.5 28.2 3.1 28.6 4.5
Forehead Forearm Chest SacrumAge
days
2
5
4
3
5
1
2
4
3
9
Mean
40
43
38
37
35
35
42
29
33
48
38.0
1.74
55
54
39
46
43
45
50
48
49
55
48.4
1.67
52
52
46
48
45
44
49
48
47
54
48.5
1.04
35
39
30
26
19
35
28
30.3
±2.54
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TABLE 4
Reflectance values of skin of children up to
five years of age at Mount Hagen, New
Guinea
Age
Group
mos.
0—6
No•
i0
Forehead
Mean S.D.
23.8 4.1
Forearm
Mean S.D.
31.5 3.7
Axilla
Mean S.D.
28.4 3.5
1
2
3
14
27.0
26.9
1.73
2.7
33.3
32.9
5.2
3.2
30.0
28.1
7.9
4.0
14 25.16 3.7 31.3 4.7 28.0 5.0
3
4
5
23
15
27
27.0
25.3
25.8
3.6
3.8
5.1
32.5
31.7
32.7
3.7
4.2
4.2
28.8
29.1
29.0
4.4
5.0
3.9
REFLECTANCE
VALUE S
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creasing age in either sex and the only significant
difference between the sexes of comparable ages
is in the 11—20 years groups.
Children Less Than 5 Years of Age: The differ-
ences between the high reflectance values in
newborn infants and the mean values in children
between 0 and 5 years of age suggested a further
analysis of the values obtained on these children.
In Table 4 the values obtained on males and
females have been combined because no differ-
ence was found between the sexes in this age
group. In all areas maximum pigmentation was
developed during the first six months of life,
and no significant differences were found at
later ages. Even in the youngest subjects the
greatest pigmentation was found on the forehead
and the least on the forearm. A significant differ-
ence between forehead and forearm was main-
tained in all groups.
DISCUSSION
At birth there appears to be more melanin in
the skin of the forehead than in that of the fore-
arm and the chest wall, and this differential is
maintained throughout life. Using the skin-
splitting technics of Billingharn and Medawar (7)
and the DOPA stain, Szabo (8) investigated the
melanocyte content of the skin in different areas
of the body. Fitzpatrick and Szabo (9) reported
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FIG. 1. Mean reflectance values from the skin of the forearm, axilla and forehead of male New Guinea
subjects of various ages.
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FIG. 2. Mean reflectance values from the skin of female New Guinea subjects of various ages
that there were 2010 210 melanocytes per
square millimetre of the forehead compared with
1100 80 per square millimetre on the lateral
aspect of the forearm and 890 70on the trunk.
It is therefore probable that the amount of
melanin in the skin both before and after ex-
posure to sunlight is basically dependent on the
melanocyte content of the skin. However, this is
not the sole factor, as shown by the fact that the
cheek of a Caucasian contains more melanocytes
than the thigh of a negroid person with brown or
black skin (9). The very low reflectance values
of the scrotal skin at birth are not explained by
the melanocyte content in this area, which was
found b Szabo to differ little from that of the
forehead.
Perhaps the most striking finding in this work
was the rapidity with which the infant becomes
fully pigmented. By the age of six months the full
adult complement of melanin has been produced.
This suggests that the intra-uterine environment
inhibits melanocyte activity, or more probably
that extra-uterine factors stimulate these cells.
The subjects of the survey at Mount Hagen were
living under primitive conditions and little pro-
tection against sunlight was provided even during
the first few months of life. In this regard it is of
interest that Abbie (10) found that Australian
aborigines who had been protected against sun-
light had considerably lighter skins than those
who habitually worked in the open.
The increasing pigmentation of the exposed
areas, especially in males, with increasing age,
suggests that there may be some endocrinal
control of melanocytic activity. At Mount Hagen
as in most parts of New Guinea the adult females
are responsible for most of the food cultivation
and are therefore exposed almost continuously
to sunlight. For this reason light-stimulation of
melanocytes in women is at least as great as in
men, and some other factor is probably responsi-
ble for the increasing pigmentation with age.
SUMMARY
A survey has been made of the melanin pigment
of the forehead, forearm and axilla of New
Guinea natives of varying ages. The reflectance
of light with a maximum transmission of 650 mi
was measured with a photovoltaic cell and micro-
ammeter and the value expressed relative to the
reflectance from a magnesium oxide surface as
100 per cent.
The forehead contains more melanin than the
forearm and axilla at all ages and this is probably
related to the melanocyte content of the skin in
different areas. The exposed areas of adult skin
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show increasing pigmentation with increasing
age, especially in males, but the melanin content
of the axilla shows little change. rule newborn
infant has relatively little melanin except in the
sacral and scrotal skin, but rapidly acquires
pigment so that by 5]X months of age the fore-
head, forearm and axilla are as dark as in the
young adult.
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